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Over the last several years, implementation of
critical pathways in patients undergoing carotid
endarterectomy (CEA) has decreased postoperative
length of stay (LOS) significantly.1-3 Discharge the day
after surgery has become commonplace in many cen-
ters, including our own. This change in protocol has
been proved to be safe and results in few readmis-
sions.4-6 Unfortunately, managed care networks might
interpret this refinement as a standard of care and limit
reimbursement or even disallow admissions extending
beyond 1 day. We decided to analyze our carotid reg-
istry over the last several years in an effort to identify
any risk factors associated with a postoperative LOS
exceeding 1 day and any potential interventions that
might alter an extended hospital course.
METHODS
We retrospectively reviewed all patients undergo-
ing CEA at New England Medical Center in the vas-
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cular surgery service from May 1996 through April
1999 by searching the medical record database using
procedure code 38.12 (endarterectomy, vessels of the
head and neck, extracranial) according to the
International Classification of Disease-ninth revision-
Clinical Modification (ICD-9-CM).7 For outcomes
to be assessed specifically for this operation, any
patient undergoing either combined CEA and coro-
nary artery bypass graft procedures (ICD-9-CM pro-
cedure codes 35.2, 35.3, and 36.1) or a subsequent
noncarotid-related procedure on that admission was
excluded. Any patient who required a procedure as a
result of a complication (eg, cardiac bypass graft or
pacemaker placement after a myocardial infarction)
was included. Data were analyzed only for those
patients whose charts could be retrieved from the
Medical Records Department at our facility. With the
patient under general anesthesia, each CEA was done
by an attending surgeon and senior resident or vascu-
lar fellow. The use of selective shunting was based on
electroencephalographic criteria.
Charts were reviewed for atherosclerosis risk fac-
tors as well as intraoperative and postoperative
events. We calculated both a total LOS (from date of
admission to date of discharge) and a postoperative
LOS (from date of surgery to date of discharge).
These variables were entered into a spreadsheet pro-
gram (Excel 97, Microsoft Corporation, Seattle,
Wash), and multiple regression analysis was per-
formed through use of Statistica for Windows 5.1
(StatSoft, Tulsa, Okla). Postoperative LOS was used
as the dependent variable. Independent variables
were assigned as either present or absent, continu-
ous variables (eg, blood pressure) being excepted.
The reason for choosing this technique is its ability
to identify the relationships that multiple factors had
on LOS while controlling for those variables.
Significance was then determined by a P value of less
than .05, and the contribution to prolongation of
LOS was inferred from the β coefficient. Values are
expressed as means ± SEs whenever possible.
Patients were divided into two categories on the
basis of age (less than 80 years and 80 years or
older). Hypertension was included from the history,
and its degree of control was estimated from the pre-
operative systolic and diastolic blood pressures
recorded on the anesthesia worksheet. The presence
of each of the following was recorded: hypercholes-
terolemia, diabetes, smoking, and end-stage renal
disease. Other variables, such as gender, the specific
attending surgeon, the side of the surgery, reopera-
tive CEA, and the preoperative presence of neuro-
logic symptoms, were analyzed. Postoperative obser-
vations included use of intravenous (IV) vasoactive
drugs (vasopressors and vasodilators) and any com-
plications.
RESULTS
A total of 188 patients met the study criteria,
214 procedures having been performed during the
3-year period. The mean patient age was 69.3 ± 0.7
years (range, 48-92 years), and 44.7% of the patients
were female. Fifty-four patients (29%) were younger
than 65 years, 106 (56%) were between ages 65 and
79 years, and 28 patients (15%) were older than 79
years. Postoperative LOS was 1.65 ± 0.08 days
(range, 1-8 days; median, 1 day; mode, 1 day), and
total LOS was 2.17 ± 0.14 days (range, 1-14 days;
median, 1 day; mode, 1 day). Fifty-seven percent of
patients went home the day after surgery. There
were no deaths, and there were three postoperative
permanent neurologic deficits; the stroke-mortality
rate was 1.6%. Other complications included 2 tran-
sient neurologic deficits (1.0%), 2 myocardial infarc-
tions (1.0%), 5 hematomas requiring operative
drainage (2.7%), 4 small hematomas necessitating
observation for 1 extra day in the hospital (2.1%), 1
wound infection (0.5%), and 2 cases of pneumonia
(1.0%).
Five factors were found to be significant predic-
tors of a prolonged postoperative stay; these are list-
ed in Table I. In order of decreasing importance on
the basis of their calculated contribution to the post-
operative LOS (β coefficient), they are (1) postoper-
ative complications, (2) advanced age (> 79 years),
(3) diabetes mellitus, (4) female sex, and (5) the
need for IV antihypertensives in the immediate post-
operative period. The corresponding LOS values
with and without the five significant factors are list-
ed in Table II. Interestingly, other atherosclerosis
risk factors, the classification of a carotid lesion as
symptomatic preoperatively, the use of postoperative
IV vasopressors, and reoperative surgery were not
significant.
The R value for the model was 0.522; this
describes the amount of variability in the dependent
variable (LOS) accounted for by the independent
variables. A partial correlation analysis, which looked
at the relationship of the independent and depen-
dent variables separately, was also performed; the
results were identical.
DISCUSSION
CEA is the most frequently performed peripheral
vascular procedure in the United States, more than
130,000 procedures being performed annually.8 The
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indications and outcomes for CEA have been exten-
sively scrutinized by randomized prospective stud-
ies.9,10 With recent pressures to decrease resource
utilization, hospitals have focused on implementing
strategies to lower costs by reducing LOS, the major
component of hospital cost. Numerous authors have
described discharge on the first postoperative day
after CEA as safe in selected patients but unrealistic
in others.1-6 Clinical pathways have helped reduce
hospital resource utilization, but there are always
outliers. Identification of those patients with a high
likelihood of “falling off” the standardized care plans
may allow preemptive intervention and conversion
back to a 1-day LOS. Alternatively, it may turn out
that an identifiable group will always require more
than 1 day in the hospital despite our efforts. This
subset may need a diagnostic related group coding
modifier for the purpose of increasing hospital reim-
bursement for adequate compensation. If we look at
the significant factors from our regression analysis,
we can see how these variables relate to other med-
ical centers as well as to other surgical procedures.
The first significant factor was the presence of a
complication. Patients with bleeding, neurologic
changes, or cardiopulmonary issues requiring pro-
longed observation or intervention usually require
an extended LOS. Maintenance of a low stroke-
mortality rate as well as an acceptable overall com-
plication rate is the most important means by which
to minimize LOS. Periodic review should be per-
formed in all centers to ensure acceptable outcomes
for CEA patients. In a review by Collins et al11 of
23,919 elective procedures in a Veterans Affairs
Medical Center (VAMC) population in whom 11
major surgical procedures were used, the most pre-
dictive intraoperative and postoperative variables for
LOS included intraoperative blood transfusion,
operative time, return to the operating room, 
and number of complications after surgery.11
Complications after any operation have a high likeli-
hood of increasing in-hospital time.
The second predictor of a prolonged LOS was
advanced age (> 79 years). This is also a well-
documented predictor for several surgical proce-
dures. Mortality, resource utilization, and LOS were
greater (by a mean of 3.2 days) for octogenarians in
the VAMC population undergoing CEA.12 The
review of Collins et al11 also identified the variables
associated with prolonged LOS at VAMCs as func-
tional status, American Society of Anesthesiology
class, and age.11 Perler et al13 reviewed the Maryland
State database for patients undergoing CEA and
found that mean LOS and hospital charges increased
linearly with increasing age. Patients aged older than
79 years had a mean LOS increase of 5.6 days dur-
Table II. List of significant variables with differ-
ences in LOS
LOS without LOS with 
Variable variable (d) variable (d)
Complications 1.53 ± 0.07 2.74 ± 0.39
Age > 79 y 1.57 ± 0.07 2.14 ± 0.29
Female sex 1.47 ± 0.07 1.88 ± 0.15
Diabetes mellitus 1.51 ± 0.06 2.00 ± 0.21
Intravenous vasodilator 1.53 ± 0.07 2.07 ± 0.22
requirement
Table I. List of variables with their corresponding P values and β coefficients as well as total numbers
Variable P value β coefficient n Percent
Postoperative complications < .0001 1.029 19 10.1
Age > 79 y .008 .547 28 14.9
Diabetes mellitus .011 .407 54 28.7
Female sex .007 .398 84 44.7
Intravenous vasodilator requirement .035 .382 43 22.9
Hypertension .279 .185 146 77.7
Specific attending surgeon .073 .123 128, 30, 15, 15 N/A
Intravenous vasopressor requirement .584 .093 55 29.3
Hypercholesterolemia .642 .072 97 51.6
Active smoking history .691 .035 60 31.9
Diastolic blood pressure > 90 mm Hg .584 .005 19 10.1
Systolic blood pressure > 160 mm Hg .648 .002 66 35.1
Coronary artery disease .991 –.002 107 56.9
Reoperative surgery .957 –.004 10 5.3
Side of CEA (left) .854 –.013 84 44.7
End-stage renal disease .586 –.108 1 0.5
Symptomatic lesion (preoperatively) .077 –.179 80 42.6
N/A, Not applicable.
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ing the 5-year study period. Advanced age may also
be an indicator of comorbidity and resulting compli-
cations.
Interestingly, female patients stayed in the hospi-
tal significantly longer than male patients. With
respect to the coronary artery bypass graft popula-
tion, Paone et al14 used multivariate analysis of pre-
operative factors to identify both advanced age and
female sex as significant correlates to a longer LOS.
Aldea et al15 also looked at the coronary artery
bypass graft population. Using multivariate analysis,
their group demonstrated that female sex was not an
independent predictor of death or postoperative
complications but was a predictor of a longer hospi-
tal stay (7.3 ± 5.7 days vs 6.3 ± 4.2 days). In the car-
diac surgery literature, women tend to present at a
later stage of their disease process, to have more
acute, symptomatic problems, and to show a higher
incidence of diabetes, hypertension, and congestive
heart failure. Whether female sex is an independent
risk factor in our database or whether it is a manifes-
tation of the extent of disease or comorbidity is
unclear.
Those patients with diabetes mellitus had longer
hospital stays in our series. In a study at the Beth
Israel-Deaconess Medical Center, patients with
insulin-dependent diabetes mellitus had a signifi-
cantly longer total LOS after coronary bypass
surgery than both non–insulin-requiring diabetics
and nondiabetics.16 Diabetics have also been shown
to have a significantly longer stay after renal trans-
plantation.17 In a New England Deaconess series of
patients undergoing CEA, Akbari et al18 document-
ed a mean total LOS of 6.1 days for patients with
diabetes and of 4.8 days for patients without the
condition. Diabetes, whether through associated
atherosclerosis complications or higher risk of infec-
tion, significantly affected utilization of hospital
resources. In our series, no patient remained in the
hospital longer than expected as a result of problems
with glycemic control.
Hypertension is aggressively treated in our post-
operative CEA patients to maintain systolic blood
pressure below 160 mm Hg. Patients were usually
managed with nitroprusside infusions and oral med-
ications when feasible. Analysis of our series revealed
that those patients requiring IV therapy for their
hypertension stayed longer. In a series of CEA cases
at Maimonides Medical Center reported by
Scheinman et al,19 hemodynamic instability did not
correlate with a history of hypertension. In their
series, 79% of the patients were discharged on the
first postoperative day and 21% were delayed (range,
2-15 days). Blood pressure instability accounted for
only 2% of cases. One explanation for this difference
may be that the Maimonides group defined hyper-
tension as a systolic blood pressure over 200 mm
Hg; in contrast, our threshold was 160 mm Hg. We
now recommend that all oral antihypertensive med-
ications be taken the morning of surgery to promote
smoother blood pressure control.
Several factors did not reach statistical signifi-
cance. The use of vasopressors did not interfere with
discharge. Given that antihypertensive medications
can easily be held after surgery, patients were rou-
tinely sent home with close follow-up by the sur-
geon and the primary medical doctor. In addition,
reoperative surgery was safe in all 10 patients in our
study and resulted in routine discharge on postoper-
ative day 1. However, statistical power is compro-
mised when such a small number of cases are ana-
lyzed. Smoking and all associated atherosclerosis risk
factors except diabetes were not significant.
This report details one center’s experience and
was designed as a pilot study to assess which indi-
vidual factors predict LOS. This information has
assisted us in preoperative discharge planning for our
patients. We have implemented a more rigorous pre-
operative counseling program to set up necessary
nursing services or family arrangements prior to hos-
pital admission.
An LOS of 1 day after CEA is feasible for most
patients but is unreasonable for all. The goal of this
study was to preoperatively identify those who might
require longer LOS for the purposes of the patient,
the surgeon, and the hospital planners. The identifi-
cation of factors prolonging LOS helps focus our
resources on patients at risk, but a larger multicenter
series could help develop more equitable reimburse-
ment plans between health care providers and payers
nationwide.
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